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Abstract 
The aim of this article was to rank Polish voivodeships in terms of the level of their logistic potential. The features used in 
describing this potential were arranged as three sets of variables. They come from three research fields: transport infrastructure 
(road and rail), storage capacity and activity of companies involved in logistic processes. A taxonomic development indicator 
(TDI) based on nine variables from the logistics area was calculated. It enabled to classify the voivodeships into four clusters. 
The first places in the ranking were occupied by the following voivodeships: Wielkopolskie and Mazowieckie, the last positions 
were taken by Eastern Poland (Świętokrzyskie, Podlaskie, and Lubelskie).  
Then it was checked whether the ranking would change if the environmental factor was considered. The tenth variable 
representing air pollution caused by transport was included in the index.  
The development of the transport infrastructure while limiting the negative impacts on the environment is set as a target in the 
development strategy of the transport in Poland. The analysis results provide information for authorities to know which regions 
and cities grow according to the idea of sustainable development of transport. The authorities have to monitor, and modify if 
necessary, the transport strategy in cities and regions. TDI could be a tool enabling to compare the implementation with the 
strategic assumptions. Maintaining a similar position in both constructed rankings proves that a region with its capital city can be 
assessed as one that cares about realization of that idea. The regions which were ranked high could be used in benchmarking 
analysis as a model. That part of the analysis proved that the best regions have not changed their positions even when the 
environmental factor was included. They have proved that it is possible to develop their logistics potential and care about 
environmental issues at the same time. 
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1. Introduction 
Evaluation of a logistic system is a complex issue. It can be done from different perspectives. The research 
framework depends on the kind of objects which are chosen. Very often the first choice are companies, cities and 
regions. Value of an object can be assessed, compared and arranged to create a ranking. In this article, the objects 
are voivodeships with their capital cities. The evaluation process was adapted to these objects. Three groups of 
variables describing the logistic potential of the regions were used for depicting them: 
• linear transport infrastructure,  
• storage infrastructure,  
• activity of enterprises operating in the transport and storage industry. 
The main aim of the analysis was to elaborate a ranking of Polish voivodeships showing the logistics potential of 
these regions. In order to measure the logistic system condition, the Taxonomic Development Index was 
constructed, including variables from the main transport and storage field. The results were presented against the 
background of GDP per capita reached in the objects in 2013.  
The second aim was to check if logistics potential development was not achieved at a price of environmental 
pollution. It was done by adding a variable depicting air pollution in capital cities of the regions. It was checked if it 
had changed the analysis results. In this way not only positive impacts of transport and warehouse development on 
the logistic systems were considered, but also their side effects.  
In the second part of the research study the idea was to analyze logistic systems from the sustainable 
development point of view. Transport is still one of the main sources of air pollution. In the years 2004 – 2013 a 
change was observed in the share of individual types of emission sources of air pollutants. The share of industry and 
energy sector decreased, however, the importance of mobile sources increased (primarily with regard to the 
emissions of nitrogen oxides and carbon monoxide). The increased impact of mobile sources on air quality is caused 
by an increase in the number of cars and increased motor transport share in passenger and freight transport. Exhaust 
fumes are more dangerous for people’s health than industrial pollution, because the emission is situated low and 
close to the people (Sadlok, 2014). 
There are also some signs of improvement. In Poland, a 23.1% fall in carbon monoxide emissions from road 
transport was recorded in 2013, compared to 2004, while non-methane volatile organic compounds emissions 
dropped by 15.8%. However there was an increase regarding nitrogen oxides (by 8.2%) and solid particles (by 
14.0%). It is shown in Fig. 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Emission of air pollutants by road transport per 100 km2 [t] 
Source: Sustainable Development Indicators for Poland 2015 (2015). Katowice: Central Statistical Office of Poland 
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Nitrogen dioxide was chosen as a variable which represents transport air pollution in this analysis. Fig.2. shows 
that Kraków and Wrocław agglomerations had the highest NO2 emissions. Wrocław is regarded to be a city with the 
biggest traffic jams in 2015 (Raport…, 2015). Kraków has been suffering from smog for several years. One of the 
reasons is low-stack emission, but the share of other sources (including cars) is still high. To evaluate the importance 
of sources others than heaters, the NO2 emission in January and June 2014 was checked. The difference between 
winter (when heaters are used) and summer months was only 9%. It means that NO2 pollution could be connected 
with transport pollution rather than the low-stack emission. Low-stack emission is responsible for presence of 
particulate matters (PM) in the air. In the same period the PM 2.5 emission in January was 70% higher than in June. 
Data for this comparison come from the Chief Inspectorate For Environmental Protection 
(www.powietrze.gios.gov.pl). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Nitrogen dioxide concentration by agglomerations and cities [μg/m3] 
Source: Sustainable Development Indicators for Poland 2015 (2015). Katowice: Central Statistical Office of Poland 
 
In the literature one can find taxonomic analyses used to construct rankings of regions with regard to the level of 
the transport infrastructure development (Białek & Oleksiuk, 2011). There is also a study from a logistic perspective 
(Kauf & Tłuczak, 2014). In that study there are five variables that describe logistics potential of regions. Two of 
them are the same as in this article. The novelty in this article is that there are three groups of variables and thanks to 
that a wider perspective is applied (10 variables altogether). One of variable sets describes the condition of 
companies and employment in a logistic area. It is in accordance with the approach that human resources are a very 
important factor in evaluating logistics potential of objects (Jałowiec & Nowak, 2012). There is also an 
environmental perspective included. Thanks to that, the results can be used for checking if the regions with their 
capital cities develop in a sustainable way. 
2. Description of the research method 
The essence of the study was to rank the objects - voivodeships. For this purpose, one of the methods of 
numerical taxonomy proposed by Z. Hellwig was applied. It is based on the distance of each object from the model 
value, which is the best value in the sample. On the basis of the distances for all variables, one synthetic measure 
was calculated for each voivodeship. The value of the measure combines information about the phenomenon and 
allows to sort objects and divide them into clusters of similar logistic development level. 
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The study uses the classic approach to the preparation of the variables and calculations (Młodak, 2006; Antczak, 
2013). During the construction of the indicator, the first step was to standardize the variables according to the 
formula (1). 
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where: i = 1,2, ...,  n (objects); j = 1,2, ..., m (variables ); x ̅_j- arithmetic mean of the variable; Sj- standard deviation. 
 
Then, for each variable, a model value was selected and the distance between it and the objects was calculated. 
The model in each case was the maximum value of each variable. For the variable X10 it was also necessary to 
convert it to a variable for  which higher values suggest a better level of development of the given phenomenon. To 
calculate distances (di) the Euclidean metric was used (formula 2). 
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It was also necessary to calculate the critical distance between the object and the model (formula 3). 
 
                   dsdd 2                                                                                                                                                                        (3) 
where: ҧ݀- arithmetic mean of vector d (d1, d2, ... the dn); Sd - standard deviation of vector d. 
 
Using the calculated distances, formula (4) was used to obtain the taxonomic development indicator TDIi. 
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The most important aspect was the choice of appropriate statistical characteristics of analyzed objects. It was vital 
to establish the framework and develop the area of interest properly. This means that the choice of variables was due 
to the subject and the aim of the research. The analysis was divided into two stages. In the first one there were  three 
groups of variables. The first one was the transport infrastructure - both road and rail. These were variables X1 – 
X5. The second group of variables informed about storage infrastructure (X6 – X7). The third described the 
companies operating in the area of transport and storage (X8, X9). All the variables were converted in relation to the 
population size or area of the voivodeship.  
In the second stage of the analysis, the calculated indicator was extended by an additional variable X10 
connected with air pollution. The variables used in the study are shown in Table 1.  
 
Table 1. The variables used in the study. 
Name of the variable Specification 
X1 The density of expressways and motorways [km per 100 km2 of voivodeship area] 
X2 The length of expressways and motorways in relation to the population of voivodeship [km per 10 000 
inhabitants] 
X3 The density of roads with hard surface [km per 100 km2 of voivodeship area] 
X4 The length of roads with hard surface in relation to the population of voivodeship [km per 10 000 inhabitants] 
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X5 The length of railway lines in relation to the population of the voivodeship [km per 10 000 inhabitants] 
X6 The number of commercial warehouses, in relation to 1000 residents of the voivodeship 
X7 The area of commercial warehouses in relation to the population of the voivodeship [m2 per 1000 inhabitants] 
X8 The number of employees in companies that have indicated transportation and warehouse management as the 
primary type of activity, per 1 000 inhabitants 
X9 Revenues of the companies which have indicated transportation and warehouse management as the primary 
type of activity, per 1 000 inhabitants 
X10 Annual mean concentration of nitrogen dioxide in a capital city of a voivodeship [μg/m3] 
 
Initially, fourteen variables were considered, but eventually ten of them were accepted. Two variables that were 
initially taken into account finally were not included due to the too low value of the variation coefficient. In both 
cases it was less than 20%. These variables were: the number of enterprises that have indicated transportation and 
warehouse management as the primary type of activity and the number of lorries (each of the variables in relation to 
the number of inhabitants). Also, the correlation between the variables was checked. Because of the high correlation 
coefficient between some of them, only one variable representing air pollution was included into the research. 
The research was conducted for the years 2009 and 2013. For variables X6 and X7 data from 2009 and 2012 
were used, due to the lack of statistical data availability. The data for variable X10 come from 2009 and 2014. 
For all voivodeships it was necessary to take into account the same set of features. The chosen variables 
correspond to the concept of ranking in the best way. Of course there are other phenomena and variables associated 
with the logistics industry in the region. Some of the attributes are important from the logistic development point of 
view, but are not included in the study – for example seaports and airports. Although not included in the article, it 
can be expected that they indirectly affect other analyzed characteristics, for example, employment in the logistic 
industry.  
3. Research results – logistics potential ranking 
At the first stage of the research study, nine variables X1 – X9 were used. The calculated TDI values allowed to 
create a ranking of voivodeships, which is presented in Table 2. 
 
     Table 2. The ranking of voivodeships by logistics potential (nine variables). 
Rank Voivodeship TDI9  2009 Voivodeship TDI9 2013 
1 Mazowieckie 0.362 Wielkopolskie 0.335 
2 Wielkopolskie 0.353 Mazowieckie 0.323 
3 Opolskie 0.263 Łódzkie 0.267 
4 Dolnośląskie 0.256 Lubuskie 0.260 
5 Kujawsko-Pomorskie 0.222 Kujawsko-Pomorskie 0.247 
6 Śląskie  0.216 Dolnośląskie 0.206 
7 Lubuskie 0.203 Opolskie 0.204 
8 Zachodniopomorskie 0.199 Śląskie  0.188 
9 Małopolskie  0.195 Zachodniopomorskie 0.158 
10 Łódzkie 0.180 Małopolskie  0.142 
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11 Pomorskie 0.163 Pomorskie 0.136 
12 Świętokrzyskie 0.146 Podkarpackie  0.107 
13 Podlaskie 0.096 Warmińsko-Mazurskie 0.102 
14 Podkarpackie  0.063 Świętokrzyskie 0.083 
15 Warmińsko-Mazurskie 0.063 Podlaskie 0.060 
16 Lubelskie 0.041 Lubelskie 0.050 
Source: Own work based on: Local Data Bank, Central Statistical Office of Poland; Internal Market in 2009 (2010), Warszawa: 
Central Statistical Office of Poland; Internal Market in 2013 (2014), Warszawa: Central Statistical Office of Poland. 
 
There are significant differences in TDI between the objects. In 2013 the top position was several times better 
than the last one. What is more, if the quality of transport infrastructure had been taken into account, the range would 
have been wider because of poorer quality infrastructure in eastern regions of Poland. However, an improvement in 
this relationship could be seen over the years. This distinction in 2009 was higher. 
The tops of rankings were the same in both considered years. The highest level of logistic development was 
reached by: Wielkopolskie and Mazowieckie. The first two places in the rankings were occupied by the same 
regions, although their order has changed. The last positions in 2013 were occupied by voivodeships from Eastern 
Poland: Podlaskie and Lubelskie. 
The analysis shows some changes in the voivodeships positions. One of the worst situations was in Podlaskie, 
which moved down from the 13th to the 15th place in 2013. The example of this object shows that holding a position 
requires the sustained development of logistic system components. In the case of the discussed province this 
improvement was insufficient in relation to the positive changes occurring in the remaining voivodeships. 
The final position of the object was dependent on the variable value in every category. In the years 2009 – 2013 
the vast majority of voivodeships recorded an improvement of the road transport infrastructure (huge growth of the 
length and density of expressways and motorways). A spectacular growth, largely thanks to the EU financial 
support, was achieved by Łódzkie (7 places up) and Lubuskie (4 places up) voivodeship.  
Important changes took place regarding the number and size of storage space. Almost in all voivodeships the total 
area of commercial warehouses increased, often accompanied by a fall in their number. It was connected with 
popular changes in configuration of the warehouse network towards creating central storage management 
(Szczepankiewicz, 2011). 
The largest warehouse market, in terms of storage space size, is Mazowieckie voivodeship. In the first half of 
2015 the Warsaw region had over 30% of modern warehouse stock, however 77% of the total was located in 
Warsaw suburbs (Marketbeat..., 2015).  Variables X1 – X9 refer to the whole voivodeship, not only to the cities, 
thanks to that they cover that phenomenon. 
New warehouse infrastructure more and more often appears in other locations than Mazowieckie voivodeship. 
We are observing a dynamic growth of storage space delivered in the first half of 2015. The biggest supply of 
modern storage space took place in Poznań. Among others, Szczecin is indicated as a market with a great potential 
for future (Marketbeat..., 2015). The growth in importance of regional markets is possible thanks to the improvement 
in the road infrastructure. This is because the transport accessibility is a main factor determining the choice of a 
logistic center location (Gołembska, 2009). 
The situation was different when rail infrastructure was concerned. For almost all of the objects the length and 
density of railway lines dropped. The variables didn't increase for any objects. They remianed the same for: 
Dolnośląskie, Łódzkie and Małopolskie. 
There was an increase in the employment and revenues of companies in the logistic industry (X8 and X9) in most 
cases. Companies’ revenue increased (in relation to the number of inhabitants) in fourteen voivodeships, however in 
six cases it was accompanied by a decline in employment. Employment optimization is one of the ways of 
improving the efficiency during bad times in the industry. Years 2009-2013 were regarded as difficult to conduct 
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successful business activity in many fields, also in the logistics industry. During these years the situation in section 
H according to the PKD 2007 business classification – transportation and warehouse management - was evaluated 
by the company directors negatively. The business climate indicator, established by the Central Statistical Office of 
Poland on the basis of business trends surveys, received negative values for this section throughout the whole period 
(Business..., 2015).  
The objects were divided into four clusters in order to better show the similarity of their development. The three-
means method was used for this purpose (Młodak, 2006). There were objects with similar logistics development in 
each cluster. The results are presented in Tables 3 and 4. Additionally, the cluster analysis results for 2013 are also 
shown in Fig.3. 
 
Table 3. The classification of Polish voivodeships by TDI9 in 2009. 
Cluster Cluster range Voivodeships 
I TDI9 >0.252 Mazowieckie, Wielkopolskie, Opolskie, Dolnośląskie 
II 0.189< TDI9 <0.252 Kujawsko-Pomorskie, Śląskie, Lubuskie, Zachodniopomorskie, Małopolskie 
III 0.108< TDI9 <0.189 Łódzkie, Pomorskie, Świętokrzyskie 
IV TDI9 <0.108 Podlaskie, Podkarpackie, Warmińsko-Mazurskie, Lubelskie 
Source: as in table 2 
 
Table 4. The classification of Polish voivodeships by TDI9 in 2013. 
Cluster Cluster range Voivodeships 
I TDI9 >0.226 Wielkopolskie, Mazowieckie, Łódzkie, Lubuskie, Kujawsko-Pomorskie 
II 0.179< TDI9 <0.226 Dolnośląskie, Opolskie, Śląskie 
III 0.103< TDI9 <0.179 Zachodniopomorskie, Małopolskie, Pomorskie, Podkarpackie 
IV TDI9 <0.103 Warmińsko-Mazurskie, Świętokrzyskie, Podlaskie, Lubelskie 
Source: as in Table 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Cluster analysis of Polish voivodeships by TDI9 in 2013. 
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Comparing the results from both years reveals that in the first, best cluster the two objects remained the same: 
Wielkopolskie and Mazowieckie. In the first cluster one can also find regions with the highest infrastructure growth 
– Lubuskie and Łódzkie. Each region is unique and had a different way to high places in the ranking. Wielkopolskie 
voivodeship dominated over the others in terms of storage space in relation to inhabitants. Mazowieckie had a lot of 
people working and high revenues of companies that identified transport and warehouse management as the basic 
type of their business.  
It is interesting to compare the results of the study with the GDP per capita reached in all the regions in 2013. 
There were some similarities between the two rankings, however there were also several differences. Similarities 
could be noticed especially regarding the last places. The last five positions are occupied by the same regions. The 
worst voivodeships, in terms of the level of the logistics potential, reached the GDP per capita definitely below the 
national average (about 70%). 
The best two regions regarding TDI9 were characterized by higher GDP per capita than the average for Poland. 
Mazowieckie Voivodeship achieved 161%, Wielkopolskie - 107% of GDP per capita (PKB..., 2015). However, a 
high GDP rank did not guarantee the presence in the first cluster. For example, Dolnośląskie voivodeship is missing, 
although it came second in the ranking and had over 111% of GDP per capita. For the objects which were ranked in 
the middle of the TDI ranking, there were shifts comparing to the GDP ranking. For some regions the differences 
between rankings were significant, for some – minor. For example, Lubuskie is highly ranked regarding TDI, but 
when taking into consideration GDP it takes up the 9th position. Zachodniopomorskie voivodeship, in terms of TDI 
was ranked 9, while the value of GDP per capita provided it with a higher, 8th place (83% of the national average). 
The second part of the analysis was conducted from sustainable development point of view. In this version of the 
ranking the attention was paid to the possibility of providing logistic development and not harming the environment 
at the same time. There was one more variable included in the Taxonomic Development Index – X10, which 
informs about air pollution in the main cities. The results of the ranking prepared from the environmental 
perspective are presented in Table 5. 
 
Table 5. The ranking of voivodeships by logistics potential (10 variables). 
Rank Voivodeship TDI10  2009 Voivodeship TDI10 2013 
1 Wielkopolskie 0.307 Wielkopolskie 0.302 
2 Mazowieckie 0.304 Mazowieckie 0.245 
3 Opolskie 0.238 Lubuskie 0.227 
4 Kujawsko-Pomorskie 0.238 Łódzkie 0.226 
5 Dolnośląskie 0.231 Kujawsko-Pomorskie 0.205 
6 Lubuskie 0.218 Opolskie 0.184 
7 Zachodniopomorskie 0.192 Śląskie  0.138 
8 Śląskie  0.182 Pomorskie 0.137 
9 Łódzkie 0.155 Dolnośląskie 0.137 
10 Pomorskie 0.141 Zachodniopomorskie 0.134 
11 Małopolskie  0.133 Podkarpackie  0.112 
12 Podlaskie 0.119 Warmińsko-Mazurskie 0.102 
13 Świętokrzyskie 0.116 Podlaskie 0.083 
14 Warmińsko-Mazurskie 0.060 Małopolskie  0.078 
15 Podkarpackie  0.041 Świętokrzyskie 0.058 
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16 Lubelskie 0.035 Lubelskie 0.032 
Source: Own work based on: Local Data Bank, Central Statistical Office of Poland; Internal Market in 2009 (2010), Warszawa: Central Statistical 
Office of Poland; Internal Market in 2013 (2014), Warszawa: Central Statistical Office of Poland,  Environment 2009 (2010), Warszawa: Central 
Statistical Office of Poland; Environment 2015 (2015), Warszawa: Central Statistical Office of Poland; 
 
There were some changes in the results presented in Table 5 compared to Table 2. Seven voivodeships were 
positioned higher: Pomorskie, Warmińsko-Mazurskie, Podlaskie, Opolskie, Lubuskie, Śląskie, Podkarpackie. There 
were 5 objects that slipped down to lower positions: Dolnośląskie, Małopolskie, Świętokrzyskie, Łódzkie and 
Zachodniopomorskie. Some changes were very little. In many cases the movement was only one position up or 
down. However, there were also some significant shifts. The biggest decrease was obtained by Dolnośląskie and 
Małopolskie. The drop was by 3 and 4 positions. These were objects with the highest values of NO2 concentration in 
the capital cities. 
Four regions did not change their positions. Among them one can find Wielkopolskie and Mazowieckie, which 
remained at the top. These are the regions which were the best regarding transport and storage development. It 
appeared that the amount of air pollution that had been emitted in their capital cities did not change their high 
positions. 
Cluster analysis for this part of study is shown in Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Cluster analysis of Polish voivodeships by TDI10 in 2013. 
Conclusion 
The main purpose of the study was to rank the voivodeships with their capital cities by the level of logistic 
development and create a taxonomic development index in that way. The analysis involved diagnostic features 
which represented a wide range of activities related to the chosen subject. Among them there were variables that 
reflected the state of the logistic infrastructure and some conditions of companies in the logistic industry. All the 
variables equally contributed to the ultimate value of the TDI. 
The obtained TDI results showed disproportions between the best voivodeships – Wielkopolskie and 
Mazowieckie - and the worst, located in Eastern Poland. Quite similarly, the objects were also diverse due to the 
value of GDP per capita. Comparison of both rankings revealed a large similarity especially regarding the best and 
the worst regions. High logistic potential supported the economic growth, yet poor economic performance was 
536   Natalia Wagner /  Transportation Research Procedia  16 ( 2016 )  527 – 536 
accompanied by the low level of logistic development. However, the positions in both rankings were not always 
identical. Some of the regions located in the middle part of the TDI ranking had high GDP per capita despite poor 
logistic potential performance. In other cases the level of GDP per capita was lower than indicated by the position of 
the logistics system. It means that these voivodeships should better use their logistics potential: Kujawsko-
Pomorskie, Opolskie and Lubuskie. 
The second part of the study presented the logistics potential of the regions from the environmental perspective. 
This approach is consistent with the government strategy. The development of the transport infrastructure while 
limiting the negative impact on environment is set as a target in the development strategy of the transport in Poland 
(Strategia…, 2013). Development of logistic systems should contribute to economic and social growth of regions 
and cities. The analysis results provide information for authorities to know which regions and cities grow according 
to the idea of sustainable development of transport. The authorities have to monitor, and modify if necessary, the 
transport strategy in cities and regions. TDI could be a tool enabling to compare the realization with the strategic 
assumptions. Maintaining a similar position in both constructed rankings proves that a region with its capital city 
can be assessed as one that cares about realization of that idea. The regions which were ranked high could be used in 
benchmarking analysis as a model. That part of the analysis proved that the best regions have not changed their 
positions even when the environmental factor was included. They have proved that it is possible to develop their 
logistics potential and care about environmental issues at the same time. It is worth noticing that some kind of 
intervention is needed not only in the regions where TDI is low, but also in the regions where the logistics potential 
significantly dropped after having taken into account air pollution (Dolnośląskie and Małopolskie).  
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